A clinical and phonocardiographic study has been made of the murmurs and heart sounds in the differentiation of Fallot's tetralogy from severe pulmonary stenosis with intact septum and right-toleft interatrial shunt. A striking difference in the behaviour of the systolic mnurlmur was found in the two conditions and this affords a new, simple bedside method of diagnosis. Important differences in the behaviour of the heart sounds were also found, but these are usually more difficult to evaluate clinically and may require special study. 
In addition to full clinical examlination, special attention was devoted to auscultation. All cases of pulmonary or infundibular stenosis had a systolic urmmur (grade 2 to 57) usually miaximal in the sec-LOUIS VOGELPOEL AND VELVA SCHR IRE at the site of maximal intensity of the murmur to determine whether the murmur was loudest in early, mid or late systole. Even more important, the relation of the end of the murmur to the second sound was observed. The presence or absence of splitting of the second sound was noted. Lastly the first heart sound and diastole were studied for any abnormality.
The Sanborn Stetho-Cardiette was used to obtain phonocardiograms in each case. Logarithmic (high frequency) sound tracings, which give an accurate graphic representation of human hearing8-"0 were recorded synchronously with a suitable electrocardiographic lead, carotid or jugular pulse tracing. The sound recordings were taken in succession from the mitral area (MA), fourth left intercostal space just to the left of the sternum (4LS), the third left space (3LS), pulmonary area (PA) and aortic area (AA). The amplification chosen was purely qualitative, designed to give the best record for a particular purpose. Thus to record a very soft sound greater amplification was used. The carotid and jugular tracings were obtained by placing a crystal micro- phone directly on the neck, thus avoiding delay from air conduction.
The components of split first and split second sounds were idlentified by determining their respective relationship to the onset and nadir of the dicrotic notch of a synchronously recorded right carotid pulse tracing. Tracings taken at high speed (75 mm. per secondl) were essential for accurate study. Since the dicrotic notch is produced by aortic valve closure, it can be used to identify the components of a widely split second sound [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] (figs. 4, 6 to 8). Thus the onset of the component due to aortic valve closure, precedes the nadir of the notch by a short interval (average 0.03 second), due to the delay in pulse wave transmission from the aortic valve to the carotid artery. It was assumed that the component occurring after the dicrotic notch could only be due to pulmonary valve closure. In very wide splitting of the second heart sound as encountered in severe pulmonary stenosis, the soft pulmonary component may be mistaken for a third heart sound. The relation of this sound to the summit of the "v" wave in the jugular phlebogram was used to exclude a third heart sound arising from the right ventricle (figs. 4 and 6). The fact that the soft sound just preceded the "v" wave indicated that it was produced just before opening of the tricuspid valve, at the time of pulmonary valve closure. figure 4 and ca. 0.14 second in figure 8. to the fundamentally different dynamics of the two conditions. [27] [28] [29] Thus clinical evidence of right ventricular and right atrial hypertrophy is much less. This is shown by the absence of a giant "a" wave in the venous pulse, the slight lift over the right ventricle and the absence of marked right ventricular enlargement radiologically. In Fallot's tetralogy the right and left ventricles virtually function as a single ventricle from which blood is discharged into two competing orifices, namely the aortic with normal systemic peripheral resistance* and a stenotic pulmonary valve or infundibulum with a much higher resistance. The ventricular pressure curve in both ventricles is conditioned by the lesser resistance offered by the aorta and hence adaptation to the severe pulmonary stenosis is much less effective than in pulmonary stenosis with an intact septum. An extremely loud first sound appears suddenly during expiration only to disappear completely (luring inspiration (INSP.). It occurs just after the first sound and tbefore the onset of the carotid pulse. The marked effect of respiration on the atrial (A) is recorded, being loud during inspiration and absent during expiration. The characteristic systolic murmur of pulmonary stenosis with intact septum is also shown. auricular sound was heard and recorded in the second, third and fourth intercostal spaces but not at the apex ( figs. 8 and 9 ). The intensity was markedly influenced by the phase of respiration, being loud during inspiration and soft during expiration ( fig. 9 ). This sound was attributed to vibrations occurring in the right ventricle or pulmonary valve produced by the powerful atrial systolic filling wave.
In no case of Fallot's tetralogy was an atrial sound heard. This is in keeping with the concept already discussed that the right ventricle and right auricle in Fallot's tetralogy are under far less stress than in severe pulmonary stenosis with intact ventricular septum. It is concluded that an audible atrial sound favours the diagnosis of severe pulmonary stenosis with intact septum.
The First Heart Sound. Several points of interest emerged from the study of the first sound which require further investigation and may prove to be of additional diagnostic value.
In Fallot's tetralogy the first sound was usually normal, being either single or closely split. In four cases it was apparently "widely split". The second component, however, was not attributed to the second component of a physiologically split first sound but to an aortic early systolic sound12 because of the wide transmission to all areas including the aortic area and the marked degree of splitting. Furthermore, the phonocardiogram proved the separate identity of this added sound by showing normal splitting of the first sound preceding the aortic sound ( fig. 10) (fig. 11) . Although the aortic early systolic sound has been described in a variety of conditions affecting the aorta and aortic valves,33 34, 12 its occurrence in Fallot's tetralogy is much less well known35' 36 and in pulmonary atresia it has not been described before.
In severe pulmonary stenosis with intact septum the first sound was usually normal.
However, in two cases of this series a remarkable abnormality with striking respiratory variation was found ( figs. 4 and 9 ). An ex- FIG . 11. The Aortic Early Systolic Sound in Pul- monary Atresia. There is normal splitting of the first sound (1,1') at 5 LIS followed by a loud early systolic sound (X). This sound occurred about 0.03 second after the onset of ejection into the aorta. As this case had pulmonary atresia the ejection sound could only be "aortic". It had the same features as the ejection soundl (X) shown in figure 10. tremely loud, palpable, click-like first sound would suddenly appear during expiration only to disappear completely during inspiration. It occurred just after the first sound, giving the impression of c(lose splitting. Phonocardiograms showed that this sound was present only in expiration and was synchronous with the second component of a closely split first sound occurring before the onset of the carotid pulse (figs. 4 and 9). Clini(cally, it was quite unlike the second componlent of a normally split first sound both in intenlsity and ill that it was maximal at the pulmonary area and not the mitral area or foulrth intercostal space. '2 This was confirmed in one of the two cases (case 1, E. B.) whenll the heart was palpated at operation and the sound appeared to originate 
